Several studies in recent years have established that peroneal muscular atrophy (Charcot-Marie-Tooth disease) is genetically complex. Cases formerly given this designation can be separated into hereditary distal spinal muscular atrophy and hereditary motor and sensory neuropathy (HMSN). Furthermore, cases of HMSN are divisible, on clinical and electrophysiological grounds, into types I and 11.1-5 Patients with type I HMSN usually have an early age of onset (mostly in the first decade), distal muscle weakness in all four limbs, and a high incidence of tendon areflexia, distal sensory loss and foot deformity. Motor conduction velocity in the median nerve is almost always less than 38 m s-1. Patients with type IL HMSN are generally less severely affected; in particular, weakness in the hands is less common and there is a lower incidence of spinal and foot deformity. The tendon reflexes and sensation are better preserved. The age of onset of symptoms is most frequently in the second decade, but a considerable proportion develop symptoms later. Motor conduction velocity in the median nerve is almost always greater than 38 m s-1 and may be normal, but sensory conduction is always abnormal.5 Pathologically, both disorders are associated with axonal loss in the peripheral nerves. In type I HMSN, this is associated with extensive segmental demyelination and remyelination, and sometimes with hypertrophic changes; demyelination is sparse in type II HMSN.
Since the original description of peroneal muscular atrophy by Charcot ' give way' for five years.
On examination she had mild ataxia of the upper limbs but no weakness. There was distal wasting and weakness in the legs and mild ataxia. All the tendon reflexes were absent and all sensory modalities were reduced below the knees. Her peripheral nerves were not thickened.
Median MNCV was 19 m s-1. The extensor digitorum brevis was totally denervated bilaterally and no median SAP was detectable.
Both of these patients' parents (II 5 and 6) and siblings (III 11 and 13) were clinically normal. Median and peroneal MNCV and median sensory action potential amplitudes and latencies to peak were as follows: On examination there was moderate weakness and wasting of the small hand muscles; the anterior tibial muscles were wasted and he had weakness of dorsiflexion and eversion at the ankles and for flexion and extension of the toes. All his tendon reflexes were absent. There was loss of superficial sensation in a glove and stocking distribution and vibration sense was reduced in the feet. His peripheral nerves were not thickened.
Median MINCV was 13 m s-' and no median SAP was detectable. The extensor digitorum brevis was totally denervated bilaterally. IV 3, brother of IV 1, aged 29 years. He had had difficulty in walking since the age of 13 years and more recent weakness of the hands. Surgical correction of foot deformity 10 years prior to examination had led to some improvement.
On examination he had severe weakness and wasting in the hands. The legs were wasted and weak below the knees. He showed bilateral clawing of the toes, pes cavus and shortening of the calf muscles. All the tendon reflexes were absent. Light touch and pain sensibility were seveiely reduced distally in the legs and less so in the hands. Vibration sense was lost in the feet. His peripheral nerves were not thickened.
EMG of the abductor digiti minimi showed changes of chronic partial denervation. Ulnar MNCV was 12 m s-' and no median SAP was detectable. The extensor digitorum brevis was totally denervated bilaterally.
The boys' siblings were stated to be normal. Their mother was dead but had had no neurological disease; the father was well but unavailable for study. The parents were first cousins.
Family S (fig 7)
IV 7 This 64 year old Englishman had difficulty in playing games at school at the age of 13 years; his lower legs were always said to be thin. His On examination there was severe wasting in the hands and forearms, and in the legs to mid-thigh level. Power was moderately reduced in the small hand muscles and severely for all muscle groups below the knees. He had a mild intention tremor in the upper limbs. The tendon reflexes were absent apart from the knee jerks. Cutaneous sensation was lost in a glove and stocking distribution and vibration and position sense were impaired in both feet. There was a mild scoliosis and bilateral pes planus. The peripheral nerves were not thickened.
EMG of the right extensor digitorum brevis showed a grossly reduced motor No phytanic acid was detected in the serum of any of these patients.
Discussion
The families described here demonstrate that there are autosomal recessive genes that give rise to both types of HMSN. All living parents of these patients except one were examined and found to be normal. One The high incidence of consanguineous marriages in these families (three out of six, two being first cousins and one first cousins once removed), is additional evidence for autosomal recessive inheritance although two of them (families 4 and 6) are from communities where the incidence of cousin marriage is higher than in Britain (Cyprus and Jordan). Yet the rate of first cousin marriage is rarely higher than 30 %17 compared with 50 % in this series, which includes one English family. Unfortunately it is not possible to use these values in order to calculate gene frequencies for these disorders as the families are from different populations. The high incidence of consanguinity would support the clinical impression that the recessive genes causing HMSN types I and II are rare, probably in the order of 1 in 50 000.
The clinical features of these cases are summarised in the table, with equivalent figures for autosomal dominant HMSN.5 It will be noted that the incidence of weakness, ataxia, total tendon areflexia and scoliosis is higher in the recessive cases. These differences are not statistically significant (using Yates' X2 test) in the type I patients, but the numbers are small. Statistical analyses were not attempted in the type II group because of the even smaller numbers involved. Although the differences are not significant, it is interesting to note the relatively high incidence of scoliosis, ataxia and areflexia in the type I recessive cases. This is probably a major reason why patients of this type are misdiagnosed as having Friedreich 22 This author has described five families with probable autosomal recessive inheritance in western Norway. Despite meticulous examination of many family members, the issue is confused by the diagnosis of "unspecific neuropathy" in some relatives of the affected patients, including some of the parents of the cases assumed to be recessive. "Unspecific neuropathy" included the finding of "neuromuscular affection" and proprioceptive sensory loss. Nerve conduction studies weie not performed. Physical signs may be minimal in autosomal dominant HMSN and therefore autosomal dominant inheritance cannot be excluded in some of Skre's families.
Beighton26 described an interesting Amish kinship which could be described as demonstrating "pseudodominant" inheritance. Although HMSN occurred in four generations with one example of parent-child transmission, the incidence of consanguinity in this kinship is so high (four cousin marriages) that the disorder could have been recessively inherited. It is clear that the cases of autosomal recessive HMSN in the literature are a heterogeneous group. Nevertheless, the overall picture of these cases is that of a more severe disorder as compared with the dominantly inherited disease. This point was particularly made by Allan.19 Bell8 compared the mean age of onset between the recessive (1093 ±9'65 years) and dominant (18-95±13 59 years) cases. The difference is highly significant (t=3-12, p< 0-001). This is difficult to correlate with the present series as there is no division of Bell's cases into types I and II; the differences in age of onset could well be due to a relatively low proportion of recessive: dominant cases of the type 1L form of HMSN, which has later age of onset than type I.
In comparing the severity of recessive and dominant HMSN, it is of interest to note that Killian and Kloepfer27 described two siblings who were probably homozygous for the dominant type I gene. Both parents and two children were clinically typical of autosomal dominant type I HMSN, but four of the offspring were severely affected, with an early age of onset, severe skeletal deformity and became chairbound by adolescence. One of these had three children all of whom had features of autosomal dominant HMSN. There was consanguinity in this family. The incidence of cousin marriage amongst parents of cases of autosomal recessive HMSN in the literature is not particularly high (about 15 %), considering that consanguinity was more common in the first quarter of this century when many of these families were described. Furthermore, most of the cousin mar-
